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fﬁ] '/ ABSTRACT

The sodium=hydrogen-oxygen system has been investigated
in continuation of the study of impuritiles in liquid metals.

Sodium mefal rescts with sodium hydroxide at temperatures
sbove 300°C to form sodium monoxide and sodium hydride. If
ihe reaction 1s inifiated in vacuo, hydrogen will be [iberated
to the extent of the dissociation pressure of sodium hydride
st temperatures below 385°C. If this hydrogen is not removed
irom the reaction zone, and if the temperature 1s ralsed be-
yond 385°C, an equiiibrium Ls established which does not foilow
the dilssociation pressure diagream for sodium hydride. This
new equilibrium appears to be related to the solubliity of the
reaction products 1in sodium metal and in sodium hydroxide. The
nreystone®™ of the equilibrium appears to be fhe fusion tempera=
ture of fthe me!li which, in turn, is determined principally by
the ratio of sodium monoxide fo sodium hydroxide.

Data are presented showing that the dissocilation of
scdium hydride is suppressed by aa iner} gas blanket. If is
indicated that sodium hydride must vaporize or sublime before
1t will dissociate, It is furtiher shown that sodium hydride
in solution Ls qulte stable, even 1n vacuo at temperatures

‘well above those at which the hydride should be dissociatede.

Data for the potassium-hydrogen-oxygen system are enfirely

. different from that reporied for the corresponding sodium

system. The difference could well be related to a higher
solubl ity of the reactlon products in the reactants. .

/\

This 1s ¢ preliminary report on this subject and work.
#1111 be continued in connection with the siudy of solubiiiiy
of Impurifies in (iquid metalis.
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INTRODUCTION

Resuits which have been collected in connzction with the
study of impurities in alkali metals are presenied along with
attempts to explain the physical states contributing to these
dafa. Wwhilie data are not yet avaiilable to establish the phy=
sical states with exaciness the results are considered to be
of sufficient value fto those working 1n this field to repo:r-
the informaiion acquired. The application of ihe phase yo.
to explain the results required that somewhat dubious assump=-
tioas be made concerning the phases and components which are

under question.

In continuation of the study of the effect of impurities
in sodium metel (| and 2), the sodium=hydrogen-oxygen system
has been examined. The compounds resuliing from combinations
cf these elements would include sodium monoxide, sodium hydrox-
ide, sodium hycride, water, hydrogen, sodium metal &and oxygen.
The water and oxygen would, of course be of a transient nature
in any mixiure involving sodium metal, but might, under certain
conditions, exist for a sufficlent length of time to be ldeni-~
ifiables The peroxide and superoxide of sodium were not con=
sidered since they arc readily reduced to the monoxide by the
dction of metellic sodium, :

Pepkowitz and Judd (3} and Pepkowitz and Proud (4) report
the reduction of sodium hydroxide by sodium metal according
to equation [A)

NaGH + Na ——ssmis NagO + /2 Hy (A}
ca 400°C

The method reported in (4} does nd allow for the rever-
sidiliiy of fhls reazction and the assumpiion of 1ts validity
in {3) dogs not allow for the stability of sodium hydride in
solution #6}. The reaction could, therefore, proceed according
to equetion {3)

NeCr + 2Na ¥ NegO + NaH (8)

tguation {(C)

NaH & Ne + /2 Hy {(C)
mighi then resuit ina whole or ia part depending upon the solu=-
Silliv of socilum hydride in the reection medium, end upon
whether th: condiiflons of the experimeni allowed for the escape

oi fnc e¢volvud hydrogens Hella and Tompa (5) report the valid=-
ity of equusion (B) for the recction of mefallic sodium with
fused sodium hvdroxide, Gilbert (6) reports two meihods for
prepering @ soiutlion of sodium hydride 1a fused sodium hydroxide.
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coth of his methods involve the passing of hydrogen through
fused caustic contalning, in one case, sodlum metal, and in
the other, sodium monoxide. It seems likely, therefore, that )
sone equilibrium exists whereby it 1Is possible to have sodium,
sodium hydroxide, sodium monoxide, sodlum hydride and hydrogen
co-exlsting in a reactlon vessel. .

A complete Investigation of this system 1s hampered by
rearly insurmountable analtical problems. It was found that
the equilibrium shifts qulie rapidly; hence, any attempt to
"freeze®™ the reaciion 8t some high temperature level 1s de-
feated from the start. Further, any attempt fto separate any
one of the reectants for Individual analysis resulis in equili-
oria shifis of such moment as $o defeat the purpose of the
separation. However, substantial evidence as to possible re=-
actions an: o»r equilibrla 1s afforded by the pressure of
evolved hycrogen in a callbrated volume, subsequent analysis
of total reaction products and control of original weights of

reactants.

' Azoaratus and Meihod

The asppasratus (Figure 1) consisted of @ metal ¥pot®
2gulpped wiih a metel ball-joint. This was connected, through
¢ complementary glass socket joint and & stopcock fo a pyrex
system consisting of a calibrated flask and a differential
manometer. An ouflet for connection 7o a high vacuum, inert
gas manifold wes also provided. The heat source was a helical
coli nichrome heater furnace controlled by a variable trans-
tormer. Jemperéiure readings were made with ¢ chromel=alumel
thermocoup le and both a Hoskins pyromefer and & Brown recording
pcienilometer. The accuracy of the temperature readings is
£5°C ihrough 50C°C and decreases to *£10C°C at 700°C. Pressures
were read fo the nearest miflimeter and all readings were coa-
virted to STP conditions.

) The sodium hydroxide used was c.o. mater el with 1individ-
v2l analyses failing within the following ranges:

NaQOH =—=—m——= 95_?7%
Naﬂ~CO3 ----- |~ 53
Hlo s : 2"3';3

ne wisgtef wes r:3dily removed by heaiing the hydroxide to its

fusion wint under vacuum. In some ce¢ses the water was removed
ty ¢dding meialllic sodlum a} 125°C end pumplng away the evolved
hydrogen. The materlel cowld be thus dried ¢t a much lower
temperature vhan by heat and wcuum elone. The carbonate conte-:
¢t fhe aydroxide was lgnored in considering the equilibrium rc-
¢ctions since, in all runs reported herein, the carbonaie was

2
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=oparenf'v unaffected and was recovered &8s such In the re-

action proaucfs. Recoveries were, in all caeses, exactly whe?
w2s added in the original charge. Any effect of carbonaie &s
s catalyst or a carrier for some of fhe reactions reported is

peyond the scope of this report,.

Metallic sodium for the experiments was cut from duPont
air cast brick, melted, filterd and stored 1n pyrex flaskse
Known volumes were inrroduced into the apparatus by pipe%fing
under an lnert gas blanket, usually nlirogen.

The sodium hydride used was obialned from duPont end
analysed 983 NaH, the remainder being metalllc sodlus and sodium

hydroxide.

The sodium monoxide was made by reacting sodium hydroxide
with metallic sodium in a high vacuum end subsequenr.y remov=
ing the excess sodlum me‘al by distillation. The maierial
analysed 98.8% NegQ, .1+ +3 NagCO; with spectrographic traces

of Cr and fe.

“he metal ¥poi® on the apparatus was made origlaally of
tvpe 3C+ stainless stecel ond later of recast commercial grade
rnickei having the following analysis =--

Ni. 98.74%
Co Q.20
Fe 0.63
Mg 0.2i
Mn 0.1
Cu 0.05
si 0,015
Cr trace
C 0.0i2

The change fo nicke!l was made following the discovery
of attack on fhe stalnless steel at temperatures above 60Q0°C.
There was no evidence of atiack below this temperature. Nickel
was unatfecied 7o ¢ temperature of 700°C., As will be shown,
the attack on stainless steel does not affect the experimenis
herein reporited. Dupllcate runs in ciainless and nlckel are

n2¢ no CoT
rc\.CI\_f..e nece
volumes.

identicel 7or.iemperatures up to 6CO°C.
2uns were made using two different calibrated volumes,
DA 2P FOX imateiy twlice es lerge es ithe other. Datae from both
fys2 ruas proved thet the amount of Mdeoed space® ia the system
ety on %he reactlon except as 1o the queatiiy of
s

sary io produce 2 glven pressure iIn f{he differeat

The mzthod cf operatiocn was essentially the same for all
runse The seactants were Introcduced Inio the apparcti., fhe




system was evacvated and heat appllied. Temperature-pressure
relatlonships were obtained for the temperaiure range desired
or until no further reactions occurred -- lndicated by a ces=
safion of hydrogen evolutlon or obsorptlon. 7he apparatus was
then cooled and the "pot®™ cut open 1If analyslis of the total
reacilon products was desired. (In some cases, reactlon pro=-
ducts were recovered following removal of excess sodium metal
by vacuum distilliaiion.)

Figure 2 is a plot of data obtalned to show the effect of -
sodium hydroxide on the contalner materials used in the experi-
menis. As may be seen, svainless steel - type 304 is not
attecked at femperaltures below 600°C and nickel! not below 700°C,
{Carc was taken during welding operations {o prevent oxidatloen
on the interior of the pot, a condition which would have led
to a certain amount of attack from the reductions of the oxldes.)
figure 2 also conteins & plot of the stainless steel %poi®
with Ha added to 425 mm pressure, headted through the same temp=-
erature range. As shown, [L1ttle or no hydrogen 1s absorbed
by the vesse! ai these temperajures. The slight absorption et
the hlgher temperature 1s aeccountable for by reductipon of
surface oxidese.

Results

It was determlned that sodium <id react with sodlum hy=-
droxide yiclding sodium monoxlde and hydrogen. The recction
would go jo completilon, however, oniy 1f the hydrogen was
rcmoved from the reaction zone.

Flgure 3 shows the iype of curve obtalned by heating
sodium hydroxide and sodium metal through fthe stated tempera-
fure range wiihout removing hydrogen. The curve 1s fypical of
that obteined Tor ell proportlons of metel and hydroxilde
siudied wherein hydroxlide in an amount sufficien’ to provide
ca 200 mm hydrogen pressure was present. The general shepe of
ine curve is the same for hydroxide inless then thls amount,
buf the "breckaway® from the flrsi paert of the curve occurs
¢t a lower femperature and the peak pressure obteined at 425°C is
lower. Figure 4 shows the emounts of sodium hydroxide required,
wiih an excess of sodium, o obtain various peak pressures.
The rise 1a precssure adbove 600°C Ls scen from Figure 2 to result
frem attacx c¢n the steialess steel "poi# and, possibly, further
T

0.
)ooss

ect releasc of hydrogen from the hydride.

17 shouic D2 her: cmphasized that the Ydome~shaped®
pl.tecy ¢énd the recbsorpiion dip 1n Figure 3 eccursred ot the
5L pressuires Lad vemperature even whzn there were sufficient
reccients preseni (o give pressures much higler vacn the peak
shovas La no case Involving the reaciion of sodium with sodium
byiroxide w.3 ¢ pressure greater than 195 mm obteined. A
range of 1/4 tharough 8/1 sodlum/sodium hydroxide rajios were

4
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examined with ideatical temperature -pressure relationsnips
resuliing.

Examination reveals that the first portlon of the curve
luo to 385°C) 1s in excc.l!ent agrement wilth the dissociation
oressure of sodium hydrice as reporied by Keyes (7) and by
Herold (8). (Their work was repeated by the euthor as @ check
on his method and apparatus. +flgure 5 coantalas thls compare=
tive date.} The pressures obtained at these femperatures
(up to 385°C} seem to be true equllibrium polnais in thet, 1f
conditions cre shifted by removal of the hydrogen, the same
pressure wlll be obtained repeatedly vati! ell sodium hydroxide
hes been converted %o sodium monoxide. However, at higher
temperatures (af and above the temperature of peak pressure,
4259C), the pressure readjustment i1s dependent upon the cuanti-~
ty of reactants vemalning in the poi. For example, a run
begun with 9 grams of sodium hydroxide {sufflcilent to glve a
hydrogen prcssure of 900 mm) and heated to 425°C retfurned to
180~190 mm three iimes following hydrogen removal, then,

successively, to 169mm, 112mm, 52mm, cnd 26mm. This lowering
cf equilibrium pressure following successive evacusilons was
rypical of eil runs et temperatures above 385°C. This efiect
aill later be shown %o be allicd to stebllity of the hydride
in solution ¢s well o5 the mananer in which 1t 1s dispersed in
the melt. Flgure 4 shows fhe peak equllibrium pressure ob-
tained et ca 425°C ploited against the original quantity of

sodium hydroxide. This figure also shows fthat the size of the
*dead spacz® has no effect upon the pecak pressure obtained.

A similar plot of sodium metal agsinst pressure shows no cor=-
relation whatsoever.

sure of co 190mm 1s always obialned on heating.
rowever, run be continued so as to obfein the minimum
pressure snown &t about 550°C, then ccoled, the cooling curve
pressure returns finearly unill a temperature of ca 385°C is
reached énd fhen fends fo fall along the heating curve, (Figure
6'. It would follow then thet the "hump" 1s bul a quasi-
coulliorium resuiting from two or more compeiing reaciions.
Tals will jater be shown o be frue.

An inferesiing phenomena was discovered in a series of
Tuns méce under various pressures of lnert gases, I} was hoped
ihat distillicvion of the metollic sodium af the higher tempera-
ivres cou.c oz reduced by the us ¢ o7 an Inert ges blenket.
Tals chouvid not, 11 wis thought, aifeci vhe particl pressure of
avdrogen evolved Tiom thez reaciion, rlgure 7 shows the results
0of two run. made under/ 760mm and 380mm of niftrogen. The evolu=-
ilon of hydrogen Z: scen to have been nearly completely suppressed
s above 600°C. Hydrogen evolution at this

s S
excent et Temperaiure

5
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tempereture apparently resulted from attack on the stalnless
steel vessel rather thean hydride dlssociation. The same experi=-
ment was repeated using sodium hydrlde alone wlih very simiics
resulfs (Figure 7). A further sodium hydride run was made
vader condliiorns whereby the sample was heated fo 410°C under
76Cmm of nitrogen, then successive portions ¢~ The lnert gas
removed and partial pressures of hydrogen aad alirogen observed, '
The data from this run are shown in figure 8. As may be seen, ;
the dissoclation pressure of sodlium hvdride 1s evidently a ]
functlion of tofcl system pressure rather than one of hydrogen ‘
oertial pressure alone. The same experiment wlth exactly the
same results was performed wiith a sodium hydroxide~sodium metal ,
melts No hvydrogen was evolved untli!l the total pressure was
recuced to below 185mm, These data ere also shown In Flgure
3. The effect of inert gas on the dissoclation of sodlum hy- : ]
dride 1s not @ reverslble processs Once hydrogen has beea
volved, add iions of inert gas do not cause readjusiment of the
sur

1
system pressuse, :
I{ wou!ld eppeecr from the foregoiag that sodium hydride
must veporize orv sublime before 1t will dissociates This
fact would also account, in part, for 1ts remarkeble stabliity ;
ahzn iIn solutloa. An experimeni wes designed to {further sub=- |
stantfiate this cssumptlon. A small flask was equipped with a
manometer, sodium hydiride added and heat ¢pplied. At a temp- 1
erature of 190°C the pressure rose perceptably, at the same :
time a silver mirror was deposited well up on the walls of the
Tlaske Subsequcni analysis proved the film to be sodium metal.
Sodium matal ated similgrly did nof deposit this film et these
iempera%ureso The flask was then equlpped with 38 cold fingzr i
constructied in such o manner as to cover the exposed suria-e 1
of the sodium hydride. As heet was applied, with the flask : 3
vnder high vacuum, the pariicles of sodium hydride became ex=- A
tremely ugiiufea eand crystals of the hydride were collected on ;
the cold fivgur. There was l17tle or no rise in pressure ac-~ '
: conpanying this collection, Next, a pressure of [Omm of nitro-
7:n was inirotuced. Both the agitsifon and the cryvstal growth
sed Insientiy. Further substantiation of thls pheromena

v

<

@zs provided in leter experimzats with small emounts o7 sodlum
‘rZde In sodium hydroxide in which hydrogen should hive been
s 2sed voth frem the dissocletion of the sodlum hydricde and

3o

c¢Jznt reaction of the sodium metal thus produced wlth

i n xic2e Thils was found not 1o be the cusej fhe hyd.ogen

egulveicat fo the decuapositlon of sodium hydride belng &l

! recovered, Thils indlcated that the sodium mete!l must

dve been vimoved from the reacilon zone before 1t could react ;
in the hydroxide. Veporizatlon or sublimation of ihe sodium ;

cslde prior to dlssoclotion would have resulied in such a

dJetant separaltione.
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further evidaen of the avaligblility of sodlum hydricde
15 a compona:. T sodium=sodlium hydroxlde system 15 af-
forded by the reeciion of sodium monoxide with hydrogea. T7Thls
reaction has bean demonstrated in fused causilc by Glibert (0!
7nz author has substantiated Gillbert's results In the dry state.
figure 9 shows the rcactlon of hydrogen with sodium monoxide.
The points shown are noi equliibrium poinis, but show thne

¢ffect of a constanily Lncreasing ‘emperaturees The reactlon
sroceeds at temperatures as low as 175°C and the resultlag
hydride and hydroxide are s*able ¢t temperetures as high es
425°C., The reactlon coul!ld proeceed according to one or more

of the following equations ==

l\'..:o - Ha - NeCH + NaH
NigO + 1/2 Hy ~ NaCH + Na (E)
No + 1/2 H, > NaH (F)

If 4t were to proceed by only equation (E), 1/2 mole of
hydrogen would be consumed per mole of monoxide; and 1f by onky
equaiion (D!, one mole of hydrogen per mole of monoxide. In
the experlment plotted in Figure 9, 2.76 grams of Na-.O con-
sumzd 940 m! of hydrogen., This 1s 94% of the theoreticc!
cuentiry required f{o sailsfy equation (D} and 1834 of that re=
gulred for equziion (E}. A combinstion of equations {E) and
(F) is, in effczi, equailon (Dl. WHowever, under the static
condiflons prevddling In his apparatus, the author has been
unable to produce more than & few milligrems of sodium hydride
by the direci reaciion of sodium metal and hydrogen. (This
satement Ls noi to be construed ¢s meaning that ecquation (F}
Is not vslide Gilven proper agltation to cxpose fresh surfaces
of sodium, meicl, coplous quantitics of sodium hydride may be
thus produced.} .

In a search for clues to the behavior of the reactants
8t higher temcerctures, several experlrienis were made uillizing
only one of the primary reectants in combination with one or
more of the redection products. (e.g., sodium mei.} or hydroxide
#1th sodlum hvdride). The data from these experiments 2re showa
In Flgures 10 and It. As may be seen sodium metal with sodium
hydride follows fthe true dissociction curve for sodium hvdride
enill @ point is recached where the amount of sodium present will

discolve ¢il the remaining sodium hvdride with a resulting sta=
bliiziag effects {Figure 10}. - (This tvpe of data will be pre= -
sented 1a a later report on the soludiiliy of sodiuvm hvdride in

sodlum metzi.) No deviaiion from the discociatlon pressure

deta &t .190mm, such ¢s was noted in .- ium=sodium hydroxide
runs, was found. However, 1f sodium meiel, sodium hydridz and
sodium oxide are hected togezther, the type of curve obtcined is
simllar to thei obtained for sodium=sodium hve -oxide. I[see B
Flgure 10) Again, there 1s no break 3t 190z ..ere lerge amou -




o7 sodlum hAycéric:z are involved. The leveliing off of the
oressure and reabsorptlon of hydrogen 1s quiie 2pparent,
howzvere

If sodium hydroxide end small e¢mounts of sodlum hydrlde
are heated fogether the dafa conforms to the dissoclarion
oressure of sodium hydride for a short tlme and then breaks
away, levzls off and then ¢iimbs slowly untlil all hydride
hydrogen is recovered., {(Figure 11} (Note == no further hydro= ;
gen was developed ¢Pu1c9iing that the sodlum metal had been
removed from the reactlon zone.) Large amounts of hv.ride
show continuzd e¢volutlon of hydrogen, There 1s e tendency to
leve! off near 175mm, but thls 1s overcomz with increasing
fcmperafurya A run made wlith sodium monoxide added, howevzr,
exhibits a sharp bregk et 195mm and 425°C, leveling of7 com=
pleiely at thls polnt. Further heating ceuses a silght chsorp=~
tlon e¢nd eventual re-evolufion of hydrogen at 525°C. Sodium
monoxide 1s thus shown to be the key o the reabsoypiion of
hydrogen in +hez 425° {o 500°C range. It is also indlca?ed
that both sodium monoxide and sodium hydroxilde musi be presean?
to cause the cessatiion of Hy evoluilon at ca 190mm pressurz,

It 1s probable thet they aiso must be present in some cdeiinite
proportion. It should be noted that ine pressure at which
runs flrst level off (10mm, Zimm, [40mm) 1s 2lmost exactly

1/2 of the totel pressure available 1f secondary reaciion with
socium metal 1Is eliminated. I$ is quite doubiful 1f %his sec-
ondary rezecilon was eliminated In runs containing any con-
sidereble emount of sodium hydrlide. The second of the plateaus
in the run Involving .856 gram of NaH 15 ascribed to the re-
action of sodium with sodium hydroxide fn é&n cmount sufficient
to produce enough sodium monoxide for the ind:cafed'reubsorp—
tlon of hydrogen. The slgnlrlcanbe of the plateaus at 1/2

of the sveliabie pressure is not apparent. Similar dcta were
obtalned in nearly all sodium=-sodium hydroxide runs in which
the hydrogen was pumped away affer the first equilibrium and
new equliibrium pressures obtalned which offen were almost
exacily 1/2 of the pr eceding pressure. The best explanufion
s one of an equllibrium pressure depending upon concentreilon
of solute, dilule solutions having lower equilibrium pressurcs
with 2 subscquent fendency toward *he 1/2 way polat. This
same condltion could also determinc the point of deviciilon from
sodium hydride dissoclatlon pressure date c¢s well es the pezk
pressures obtalned for con .tratlons up f{o that required to
givz 190mm,

Another run Involving reacilon products was made in wiich
sodluia monoxide was heated to 550°C, {the point of miniﬁun' :
pressure on ine sodlum=sodium hydroxide curvel inerements of
hycrczen added, and cquilibrium polnts observeds Even o} thig

3

tempcrature the reaecilon procecded 2ecording .o the caulilon

8
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NasO + H, ~ NeOH + NaH

The dats plotted in Flgure 12 glves welyght to those
solnts represcatlang "dead stops? 33 true ecqulllibrium polnis,
The time element occaslonatly prevenfed complicte absorpiion
of a partlcular addition of hydrogen before a decys run was
terminateds As 15 showa Iin the greph the monoxlde exhlbits
g linearly lacreasing equiiibrlum pressure unfl]l a pressure of
ca 175mm is rzacheds The contlnued zddition of hydrogen beyond
thls noint results in a plateau and finaelly 2 decreasing
equilibrium pressure as the ratio of sodium hydroxlide and/or
sodilum hydride to sodlum monoxlide increases rapldly. The
final polnt was ooivained by pumplng away excess hydrogen untll
sodlum hydride in the melt began to decompose. Ail excess
hydrogen pressure was then remaved {130mm) and the melt ol lowed
to again equilibrate. A tctal of 170Cmm of hydrogzn pressure
was removed In ihis manner a2} 550°C. Af thils polnt no furiher
evolutlon of hydrogen was observed. The heat was %furaned back
and the cooling curve observed. Only 5mm addif{lonal hydrogza
was glven off 1n coollng through 250°C. Upon reheating througa
450°C another 7mm was evolved. Affer cooling fo room tempera=
ture, the residue was hydrolyzed 1n a closed system and hydro=
gen equivcient fo the remaindecr of thze sodium uvdride was col=-
lectede The quaniiiy of sodium hydride remailning before hydro=
lysis was equivalent to ca 209 by welght, of the residue. 13
sppeadrs likeiy tha? this 1s the value for the solubiliiiy of
sodium hydride in sodium hydroxide a% 550°C, and that once 1in
solution at that femperature it is cuiie stable == even under
high vacuum,. .

A sodlum oxide-hydrogzn reaction carried out at 360°C
does not exhlblt the phenomena discussed above. At this temp-
erature, thez resction proceeds in such 2 manner as to repeat=
edly come fo equiiibrlum at ca 100mm pressurec of hydrogen.
This pressure 1s necarly exactly what would be predicted from
sodlum hydride dissociaiion pressure data. Evidently the
hydride formed is not in solution at this femperature. It is
probable that the "melt® con*salns no ilquid phases, but 1s ¢
mixture of 2 or more intermixed solids in coniact with the
ges phasz.

From Figurc 12 1} would appcaer $hat thc cgullibrium pres-
sure of hydrogen over ¢ mizture of sodium monoxide=sodium
hydroxide=socium hydride and perhaps some sodium metal 15 de=
pendent largely uvpon the cmount of sodium monoxide present or
Lpon the retio of sodlum hydroxide o sodium monoxidce Taz
ravlo of sccium hydroxide to sodium hydride 1s assum:d to be
mole for moic {or 37.%2 velght percenf) sodlum hydridz in soctun
hydroxide 7Yor the complete run whercas the quantliy of sodic
monoxide 1: belng constenfly depleieds. The polni at 175:m
where the curve bresks, flettens and eventuvally curves downe
ward eppeoars o be the result of the dlsappearance of ui! sojild
Phases Ln the system == i.,e., compleie soluilon of all reactants

9




s

1a sodlum hydcoxidz. Flgure 13 glves furtaer evidence fhs
tals L3 the casc. The dats ploited In that iigure 1s ¢ de
minetion of the solublilty of sodlum monoxide ia sodluax havy
droxide or, more proverly, a detarminailon of the fusloa temp~-
erature of various railos of the twoe I was delcralaed 1z

sir in a nicte! cruclble by 8dding weighed portions of sodium
monoxlds to fused hydroxlde vntll saturatlon bzcame cpparcny

by the appearance of solid oxide on the surface of the meli. It
m3y be anoted that the solublilty value et 550°C 1s 48%. Cal-
culation of the rotlo of sadium monoxide oad sodium hydroxide .
2t the 175mm break point ia figure 12 reveals that the sodium
monoxide amounts to 45 welght percent of %he mell wlih respect
to sodium hydroxide. At this poia}, thercfore, the meli becanme
fluide The previouvsly determined stabillty of sodium hydeid:

ia solutlon and conilaviag reductioa in fthe quantliy of sociun
monoxlde havi:ig the effect of maklag the soluiion of czodium hy=
dride in sodium hydroxide less concentroicd evea ihough thelr
ratios remaia the same would readlly aoceowva? for the dowaward
trend of the cquiiibrium oressure at %he ead of the curve, The
inabllity jo recover all hydride hydrogen by evacvatiosa is cu-
plalaned by fi:e increased melilag polat of lhe conceatroied me by
{6) resvlfing in the hydride belng completely solubic ar the
temperature of fusion. It 1s coasidered fo be more than colzn=
cidental thet the breaks in the solubllity curve shown in clgure
13 occur ¢t 380°C aad at 425°C. These some tecmperaturcc repre-
sent the points of deviatlon from zodlum hydride dissoclation
pressure data and the point of maxlmum pressuse respecilvely 1an
3ny sodlum=-sodium hydroxide reaction curve., ' : area befwzca
the two tempercturcs, therefore, must represcat o vapidliy chang-
ing condiiion of the melt, with & §finadl disappcsrance of all
solld phcses ar 425°C.

Misce!lancous datae hes, of course, becen gethered durlang ihe
course of thals investigatioa.

Time~piressurc relationships for somec of the reacilons re=
ported is pericps notewortay. Represeatsiive Jdatva for typlcal
runs are presecated iIn Figure 14,

A study involving attempts to duplicalie {he sodlum=-sodium
- hydroxide d2$0 with potassium mete!l and with sodlume~potcezsium
alloys 1s of comparatlve value. Sodlum metel cnd scay cllovy of
sodium end porassium containlng sufficient sodium $o complete fic
redctlos wil! resct wiih either sodlum or potassivm hydroxide
to glve equlilbria exactly as has been preseated in is pepere
However, potassium metal with either sodium or pota o hedrozide
will no% produce such ecqulilibrise As i3 shown 1a 7 15 theac
materlals wili reazi to glve some hydrogea ¢f ferne G-
tuveea 450-800°C, The ylcld of hydrogen 13 low aad ew
tlnuved removal of the hydrogenm evolvad, coaplete conve
roiassiva rmonoxide waos never accomplished. Somailhlng
this reaciion, or rather lack of rcactlica may be 2! izg
difflculity reported by Holt (9) LZa hils citempi to .solvy

Y
for hydrogen deiermlaciion ia sodium $o sulivm-poicsiiva

.
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the high temperature
the stailnless sfeel "poi?
The recaction occurred at femperatures Ina
excess of 600°C cond was accompanied by the ecvolution oF both

A somewhat more complete discussioa of
rezaction beiween sodium hydroxide sad
might be of vailue.

hydrogen and water vapor, the latter belng condensed in a cold
trap attached to the system. This 1s In agreement with results
reported by LeBlanc and Bergman (10). Metallic sodium was slso
found condensed uvpon %the colder poriloans of ihe metal svstea
! whea 1t w3as cut openr for residue recovery. The analysis of

this residve is shown ia Table I.

¢ e v

TABLE I
Nag0 27.6 welght pereeat
Na apOg 1.2
FegOgq 57,0
Crp0,4 o 6.3
NiO (?) 7.1
The oxldes of ehromium and iron were 1deaiificzd by Thelrz
sppecrance cad by phaysical cad chemleal benaovior during ancivezss.
d emined wilhd cericlalye

The sicte of $he nickel could not be deie

The presence of metallle sodium, hydrogcosn, water, s
monoxlde and the metc!l oxides 1a the rceczilon producisc L
cate taci tac reactiona must hove procecded ia somewiad ©

- followiag maaner.
5NaOH + 2imetal) - NayOelmeiallaOg + 3Na + 1 1/2 Hy + H0 (Gs

f a %ransivo.y nature. It

-

The exiziznce of the water vanor was o
R

) w33 appay iv driven from the recacti zonz by the hiskx fcop-
©  eraturc, and 1r1edia%cxy condensed iz he cold trep. Waea fThe
system was 2llowcd vo cquilibrate willhout fhe cold irecp, the
water was removed by recctlon with the metoliic sodlum,

e
-
<3

LS

. The cdouble sal? iadlceted iz o postula®lion eand was rnot
1dentiiicd as cseceh 1a fhe residue, Such scits have bzea soc-
viously reported {10), however, end sodlum verrite and chromife
of the Torm NasMegO, cre relatively well kaown.

The residuc from fhe run involviag sodium hvwdrozide d
the alckel “pof“ conatained oaly ¢ ircce of algicel, produlivy
conalng from curfoce oxides oa the Spoif,

SUNVMARY

thar sodlium metai

From $he data prescated, 14
230°C

ze cleay ¢
will recct with sodlum hydroxlde ot icupercturcs cver




yielding sodium monoxidc and’ sodlum’hydridc

potentially stable In the mett, If the reaction’ qccu.

as Iittle as 200 mm of any gas pressure the hydeide disio
will be suppressed sufficiently .to maintafin 1#°Lfn solatioa
even ot a temperature of 600°C, - The, systcm appccr&gfo b
infiuenced by & aumber of simultcne :

by thc followiag ¢quai10u:.'.a’

2Na + NaOH S Na .0 -+ 'NIH
. NaH » Na& + l/2 e
H, + N.,o * NaQ-l + NaH

Thesc rccciions, couplcd -iih vlrious so:¢"‘ﬁu
chauging ¢ff¢cts. dcicrmiaz fhc equitibrivmre s

C The poin} of naximum prcssurc» [}

determined by the ratio of sodium hydroti
and is iafluenced by the amount of “sodiv
of sodium metal upoa fhi: poinf?I-

tures rcquires “the* prcselc¢ of
about by thq_iacrcc ed s fubLl

‘considcrably'supprqssedab:“
To the knowledge of "the™s
PfCViOUS'waCPOTdemw-rﬁf

If has pr¢v10uslx bccuaﬁ o]
dlissoclate and be. removed from:
not true, and the action of thi
metal oxldes in the® svs}cm,
siaa. g

chcral aifcmpts
were unsatisfactorys”

The lufhor cén scc,no
vatil suceh’ time" a: ‘mo

clusive per st, ‘b
of ¢sfabl1:bing t
answer might be fi
but this venture,
,{ion uniil 4 medn




(H

{4)

(5]
(61
{7}
(8}
(91

(10)

White the mecharnlism of corroslon 1s bevond the scope of
this report, therec 1s a definite effecct indlcated which should
bear upon fuiure Investligation and argues for & more carzful
evalvaiion in using past data.
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